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AERODYNAMIC STABILITY AND DRAG CHARACTERISTICS OF THE

MSFC PRESSURE FED BOOSTER CONFIGURATIONS AT

MACH NUMBERS FROM 0.9 TO 5.0

By John Baker

ABSTRACT

Experimental aerodynamic investigations were conducted in the NASA/MSFC

14 x 14 Inch Trisonic Wind Tunnel during January 1972 on 0.003366 and 0.00419

scale models of the MSFC space shuttle pressure fed booster configurations.

The configurations tested were a 40° cone/cylinder/130 flare with and without

fins, a 400 cone/cylinder/130 flare/9° flare with and without fins, a 350

cone/cylinder with and without fins, a 350 cone/cylinder/70 flare and a 350

cone/cylinder with straight extension. Six component aerodynamic force and

moment data were recorded over a Mach number range of 0.9 to 5.0. Model angle

of attack range was -10° to +100 and +200 to 800 at 00 sideslip. Model side-

slip range was -100 to +100 at nominal angles of attack of 00, 300 and 51° .
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NOMENCLATJRE (Continued)

Body-Axis System

SADSAC
SYMBOL SYMBOL DEFINITION

CN CN normal-force coefficient; normal force
qS

~CA CA a.xial-force coefficient; axial force
qS

Cy CY side-force coefficient; baside force
qS

CAb CAB base-force coefficient; base force
q

-Ab(Pb - p.)/qS

CAf CAF forebody axial force coefficient, CA - CAb

cm CLM pitching-moment coefficient; pitcqing moment
qS REF

Cn CYN yawing-moment coefficient; yawing moment
qSb

CO CBL rolling-moment coefficient; rolling moment
qSb

Stability-Axis System

CLCL lift coefficient lift

qS
CD CD drag coefficient; drag

CDb CDB base-drag coefficient; base drag
Db qS

CDf CDF forebody drag coefficient; CD - CDb

Cy CY side-force coefficient; side force
qS

Cm CLM pitching-moment coefficient; pitching moment

Cn CLN yawing-moment coefficient; yawing moment
qSb

C! CSL rolling-moment coefficient; rolling moment
qSb

L/D L/D lift-to-drag ratio; CL/CD

3
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is an
intermittent blowdown tunnel which operates by high pressure air flowing
from storage to either vacuum or atmospheric conditions. A Mach number
range from .2 to 5.85 is covered by utilizing two interchangeable test sec-
tions. The transonic section permits testing at Mach 0.20 through 2.50, and
the supersonic section permits testing at Mach 2.74 through 5.85. Mach num-
bers between .2 and .9 are obtained by using a controllable diffuser. The
range from .95 to 1.3 is achieved through the use of plenum suction and per-
forated walls. Mach numbers of 1.44, 1.93 and 2.50 are produced by inter-
changeable sets of fixed contour nozzle blocks. Above Mach 2.50 a set of
fixed contour nozzle blocks are tilted and translated automatically to pro-
duce any desired Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately -40°F
dew point and 500 psi. The compressor is a three-stage reciprocating unit
driven by a 1500 hp motor.

The tunnel flow is established and controlled with a servo actuated gate
valve. The controlled air flows through the valve diffuser into the stilling
chamber and heat exchanger where the air temperature can be controlled from
ambient to approximately 1800°F. The air then passes through the test section
which contains the nozzle blocks and test region.

Downstream of the test section is a hydraulically controlled pitch sector
that provides a total angle of attack range of 200 (±100). Sting offsets and
extensions are available for obtaining various maximum angles of attack up to
900.
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Two base pressures and one cavity pressure were recorded and used

to determine base axial force CA and a cavity correction to total axial force

CAT 

Cp A
CA =- 1 1

ref

Cp2 AB
z

Sref
ref

Cp + CP\ A
12 S2 ~S ref

CAT= CAAT bal
+ c' Cp+CP 2 )

Base and cavity areas for the basic booster configurations are listed below.

Configuration AB
1

(in2 B
2

(in ) A
G

(in )

N1B1 0.5466 0.6525 0.3673
N1B3 0.9162 1.0702 0.3673
N2B 2 0.7250* 0.7250* 0.4069
N2B4 1.1657 1.3817 0.5396
N2B5 0.5923 0.7250 0.5396

Base pressures were not measured for NZB2 because the
angle of attack schedule for all runs was above 600° .

The base areas listed were used for all configurations fins on and fins off.

Base pressure 1 was located on the upper half of the body base and base

pressure 2 was located on the lower half of the body base.

7

AC
Sref



-" --" a:TSueED M3 ° N 1 D SSW

.6 ZV /, e' s-

O01 .... L8'9 ' I'L '
66 6 '9 O Z'SL'Z

86 OZ'OI I O X'L 96'1

L6 EZ'£ ^}~~~~~~~2/901 x 8'5 L-

--96- LL'O .'l} T x S'L 95' --
·~~~~~ 96 fLL'OI I XS'L 9 V

86 f I '6. x'/ p I x L'9

56 50'8 s' /9 x 6'9 6'0

(:jajquolqv saa.Soop) (qlu-f: .bs/spunod) 4.3-tua :iTun xad ,l::I/lWillN I11OVW
aunJ;YE'lB{4zlJ NOi.LVNI)VLS 3u(ISS'Itd D3pIvI47,, 11,11IRN SQ'ION3xdl

8

: SINalO:)

_I---

'tsql-ul '0

· -- -'ql OCS

-sql Efl

~-~----~---r

.~ ~ ~ r

h't{ IX

dS
as

:VIovu~nov : DNVIw'O'10
IN£IDIdd0OD

P.

: azIut i3NV Iam

IZS I LL DdSSW J.S ',I
SNOI,TI(I 0 L S -L

'! atIlM



i' O O o O. 4 S D _ o o o a X

o. ... a . . . .
S4,=S = , <eS " sfflr14, c r: .r r ne .1w r4 r

1 1 '.oi k 
I ? CSYi1- 1

'

, t , I i--" ' iq-Tq'~i

I I._L!LLNIIIII i1' 1-i-lltll*l-3B
_,: I5 I0~t,, I~ I> -' Iq F i ; F>4 i* | i~ ;'|P| | | i'E-J

I~~~~

: ~~~~~~~~~~

arX-_-2..inJiFqzF z0:r-i
h!...,_..~ . . . .

J/

rj~~~~~~~~~~~~~~~~C

LI'

'

I.~':k :l I 1._ 1 I- ,'gb3 3
'~ '- ", -' '
:'l .E' ,,\°°10s->CEs' ?,-

e, ?, - 0 ~~'0

!1_ ' t *c

.L1

_. -F 'i --.-'-.I_,'. "l'J 
!

,e l 
|aj eG3M |rI;3 r o o r

-- . ----..- II _1 .I I r I I 

LI

L

II

11I

L

I

I

L-110 I

I

I

I

I

I

I
J,
I

0

10i

I

I

o'I1
p .

I

I
I

I

IIII-
4

I

II'

i

j

.t

7

I

:1

VW

aI

L,

1

I
D

.f

1

I -i

1'

� I

, '.i

'II r

I'

I

t

: a

It

l'

o.4i1.

11

1a

5L

1;:-

I

I'

T-
i

I

llil

h 1UItt-I

I

T

0
I

0,a

o

r 
t,

0
0M

.r"1,
i-

(I

7N

r
I

7-(

'PZ

ItR

oo

41 

I"
I
' 

s
?
uaM

3

nn

rT\

- l

tew

rjp
M

o

;> 

o

cn

M
H

0

t4
t1

H ,

I-

II1'!

0

a1

r'nm

Jo

k

3 1
D

e 

w 

ii

.-r

:t

r
to

r
10

Ln
Ul

O

>oY

PI,

tl
E

F.
WI 
W

EdV
'-I

if 
V

CJ

I11

1- 

A
I)

,I

.2
n I

I

c Z,

O

Io 3u
0
cn
HI

11
1t

to
M

M
(A

I.1I?
Jo

i:
.,

0
3

9

_!11 L_11•11
i

~

I:_JP
ol



l-.s vblt-~~;X -g'13W-g

~i~a x eL c$_a ._ Oi,

C'. 1

9: L;r i_ :! _ 

J UZr- I T v _ 

>1: _ t -

ud,,I .....

| ' o i CJ | Lr W1

l00hl,---lH~~x l~l-l

H Cao 
1I-4- m2 i i '', i JI

cvo'ls'l d- r--r ..r.-rl-.l 

I / tfI 1 .1 1s ]X3 I I I I I I~i IQ~ ~ ~~ o asl1111!11> tW~ 
,-- ..IJ .lr
10 1nXt1, 1.1t1.1

I
I

m
r

a

I
1)

Ln
N

I

e

A

i

J,

N

-.

-

.A
7.

OT

'n rN
W H
F H W t

N O

AI P.

O o

h
E-4
W
94

Col z

h
¢

04

O

u

h

1-I

'Ii

1

L v.l

Iw

1-4

'n u')u(I

cQV
4

Ir.

I

~LL CZ
la

H

:1

(i

I

z

li
I I

1
IC.

I

o

I;
I :

I<
II

C

11% 

II

( 

ifC,

1

C '

C

1-..

I'

c~
I 0 c

17,

I a

u,

'1 W

.1 o 1 .16

r U H 1

1 n O

_LS Ca
u a 



TABLE IDATA
DIMENSIONAL DATA

MODEL COMPONENT: BODY - NIBI

GENERAL DESCRIPTfON: MSFC Pressure-Fed Booster Body with 40 degree

conical nose, cylindrical body, and 13 degree aft flare.

A

DRAWING NUMBER:

DIMENSIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area

Cross-Sectional

Planform

Wetted

Base

Body Diameter

Base Diameter

Base Flare Angle, Degrees

Conical Nose Angle, Degrees

FULL-SCALE

178.8 ft.

38.6 ft.

38.6 ft.

' 572 ft 2

1168 ft2

27 ft.

38.6 ft.

13.05

40

MODEL SCALE

7.223 in.

1.558 in.

1.558 in.

0.933 in 2

1.906 in
Z

1.091 in.

1.558 in.

13.05

40

11
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TABLE III. (CONTINUED)

MODEL COMPONENT: BODY - NZBZ

ii GENERAL DESCRIPTfON: MSFC Pressure-Fed Booster body

with 35 degree conical nose and cylindrical body.

DRAWING NUMBER:

DIMENSIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area

Max. Cross-Sectional

Planform

Wetted

Base

Body Diameter

Conical Nose Angle, Degrees

FULL-SCALE

145 ft.

41 ft.

41 ft.

1320 ft 2

1320 ft2

41 ft.

35

MODEL SCALE

5.859 in.

1.658 in.

1.658 in.

2.159 in2

2,159 in2

1.658 in.

35

13
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MODEL COMPONENT:

TABLE III. (CONTIMU ))

BODY - NZB5

GENERAL DESCRIPTfON: MSFC Pressure Fed Booster Body with 35 ° Conical

Nose and Cyliidrical body

I -

DRAWINIG NUMBER:

DIMENSIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area

Cross-Sectional

Planform

Wetted

Base

Body Diameter

Base Diameter

Conical Nose Angle, Degrees

FULL-SCALE

152.3 ft.

' 854 ft.2

33 ft.

33 ft.

35

MODEL SCALE

7.659 in.

22.159 in.

1.658 in.

1.658 in.

35

15
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MODEL COMPONE~=..:

TABLE III.. (CONTINUED)

FINS - F6 '
_- i 

GENERAL DESCRIPTION: '` .'i.ns for MtSFC V:es.sure Fed Booster

DRAWING NUMBER:

DIMENSIONS:

Area ,

Span (equivalent)

Inb'd equivalent chord

Outb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At Outb'd equlv. chord

Sweep Back Angles, degrees

Leading Edge

Tatllng Edge

Hingeline

Area Moment (Normal to hinge line)

FULL-SCALE

600 ft.2

12.0 ft.

40.75

MODEL SCALE

0.979 in.

0.485 in.

40.75

0.0l,9
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MODEL COMPONENT:

TABLE III. (CONCUIDED)

Fins - F12

GENERAL DESCRIPTION: Fins for MSFC Pressure Fed Booster Body N1B3

DRAWJING NUMBER:

DIMENSIONS:

Area

1· : Span (equiyalent)

Inb'd equivalent chord

Outb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

Area Moment (Normal to hinge line)

FULL-SCALE

1200 ft. 2

24.1 ft.

31° 20'

0.0

. ~ -

MODEL SCALE

1.961 in.2

0.975 in.

31 20'

0.0
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TABLE V. INDEX OF DATA FIGURES
(CONCLUDED)

COEFFICIENTS SCHEDULE:

CN, CIM, CA, CL, CD, L/D, CAB vs. ALPHA

CN, CL vs. CI4

CL vs. CD

(B) All

(C) CAB

(D) CY,

CYN

(E) All

plots of Schedule (A) except CAB vs. ALPHA

S:;. ALPHA

CYN, CBL vs. BETA

vs. CY

plots of Schedule (D) except CBL vs. BETA
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FIGURE 7. FINS F2
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FIGURE 9. FINS F7
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0.481

Fig. 11; Rocket Engines for N1BL, N2B4 and NZB5

35









PLOTTED DATA

Tabulations of the plotted data and corresponding
source data are available from SADSAC Operations.
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N1BIF2-EFFECT OF MACH NO. ON LONGITUInTNAI CHARACTFRISTICS
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NIBIF2-EFFECT OF MACH NO. ON LONGITUOINAL CHARACTERISTICS
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NIB1FG-LONGITUDINAL CHARACTERISTICS AT TRANSflNIC MACH NIIMRERS. LOW ALPHAS
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N1BIF6-LONGITUDINAL CHARACTERISTICS AT TRANSONIC MACH NUMBERS, LOW ALPHAS
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N1BIFG-EFFECT OF MACH NO. ON LONGITUDINAL CHARACTERISTICS
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LATERAL FORCE COEFFICIENT. CY
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NIBI-EFFECT OF MACH NO. ON LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA51 DEGREES
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BETA. DEGREES
4 6 a to If

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF ?.2230 IN.
XNRP 4.6230 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034REFERENCE FILE

(A55003) 27 JAN 72 PAGE 39
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REFERENCE INFORMATION
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XMRP 4.6230 IN.
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DATA SET SYMBOL CONFIGURATION DESCRIPTION
(F50021) "MSFC TWT 521 BOOSTER
CASS3oaS) L MSFC TWT 1Z BOOSTER
(ASS010) O MSFC TWT 521 BOOSTER

SIDE SLIP ANGLE. BETA. DEGREES

NIBI
NIBiF2
NIBItF

ALPHA DIHDRL
30.000
30.000 30.000
30.000 30.000

REFERENCE INFORMATION

SREF 0.9530 SQ. IN
LREF 7.2230 IN.
BREF ?.2230 IN.
XMRP 4.6230 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF FIN SIZE ON LATERAL-DIRECTIONAL CHARACTERISTICS, ALPHA=30 DEGREES
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DATA SET SYMBOL CONFIGURATION DESCRIPTION

:(F55002) NSFC TWT 521 BOOSTER
(AS5005) NSFC TWT 521 BOOSTER
(ASs010) O HSFC TWT 521 BOOSTER

- 4

SIDE

NIBIF

NIBIF6

I
- 2 0 2 4

SLIP ANGLE. BETA. DEGREES
ALPHA DIHORL
30.000
30.000 30.000
30.000 30.000

6 o10 12

REFERENCE INFORNA
SREF 0.9330
LREF 7.2230
BREF 7.2230
XNRP 4.6230
YNRP 0.0000
ZNRP 0.0000
SCALE 0.0034

TI ON
SQ. IN
IN.
IN.
IN.
IN.
IN.
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EFFECT OF FIN SIZE ON LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 DEGREES
..
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DATA SET SYMBOL CONFIGURATION DESCRIPTION
Fr5O002) Q MSFC TWT 52I BOOSTER

(ASo005) SFC TWT 521 BOOSTER
(A55010) O MSFC TWT 521 BOOSTER

-4 - 2 0 2 4

SIDE SLIP ANGLE. BETA. DEGREES
ALPHA DIHDRL

NIBI 30.000
NtBIF2 30.000 30.000
NIBIF6 30.000 30.000

6 8 tO1

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XNRP 4.6230 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF FIN SIZE ON LATERAL-DIRECTIONAL CHARACTERIST

I
-io

SYMBOL

I
- a

i
CONFIGURATION DESCRIPTION

NSFC TWT S21 BOOSTER
MSFC TWT 321 BOOSTER
NSFC TWT 521 BOOSTER

.
-4

SIDE

NIBI
NIBIF2
NIBIF6

.
- P

SLIP

I I
0 2 4

ANGLE. BETA. DEGREES
ALPHA DIHDRL
S0.000
30.000 30.000
30.000 30.000

[CS, ALPHA=30 DEGREES

a a 10 It

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF ?.2230 IN.
XMRP 4.6230 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF FIN SIZE ON LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA-30 DEGREES

-t0 - a - 6 - 4 - 2

SIDE SLIP
CONFIGURATION DESCRIPTION

MSFC TWT 521 BOOSTER
MSFC TUT 521 BOOSTER
MSFC TWT 521 BOOSTER

NiB1
NIBF2
NIBIF6

O 2 4

ANGLE. BETA. DEGREES
ALPHA DIHDRL
30.000
30.000 30.000
30.000 30.000

6 e IO at

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF T.2230 IN.
BREF 7.2230 IN.
XMRP 4.6230 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN,.
SCALE 0.0054
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EFFECT OF FIN SIZE ON LATERAL-OIRECTIONAL CHARACTERISTICS. ALPHA=30 DEGREES

· -, ~;-~i~ ~ -.
-

. . - _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DATA SET SYMBOL CONFIGURATION DESCRIPTION
IF552::) sSFC TWT 521 BOOSTER
A5I005) N SFC TWT SZ1 BOOSTER

(A.5500O) 0 MSFC TWT 521 BOOSTER

- 2 2 4

SIDE SLIP ANGLE. BETA, DEGREES
ALPHA DIHDRL

NlBI 30.000
NIBlF2 30.000 30.000
NIBIF6 30.000 30.000

8 IO 10

REFERENCE INFORMATION

SREF 0.9530 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XMRP 4.6230 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

PAGE 53

.. r

.o

.4

.3

.2

.1

.0

-. 1

-. 2

-. 3

-. 4

-

X

O0
m

IJ
m

z
LI

LL

z
LL

CD
z-J

-J

O1

.5

-. 6 :-
-10 - 8 - 6 -4

MACH 3.48



DS' 39Vd

'NI
'NI
'N!
'NI
'NI

NI 'bO
NOI1

Co0o0O 31V3S
0000*0 ddNZ
0000.0 ddNA
0C289- dHNX
0CZZ1L 433du
OCZ'l *13bLl
OCC6-0 43us

VNHOJNI 3DN3d3A3H

ats 0 T

I

000' OC 000'OC
000*OC 000'OC

000 * 09

S338930 'V138 '319NV dIlS
9 v a a a-

II

g1l.IN

30IS
t -

I

831 SOO

S316008

NO I dl35iS30

0-

1=

I1 zS I1 )JCH
I Z g 1P1 JSN
I t5Z; 11 i36"

NOX¥VnlJINOD

_ -_ 0-

O (OtOggy)

1006 la Id
109dA2 136 VIVO

3,-
r'-,'-t ** 

S33S930 OE=VHdlV 'SJISI1S3113VVH3 9VNOI133IO-9Va311V NO 3ZIS NIJ JO 133Jd3

6'-
I-

r
r-

z a- C)

-
m

' -4

rl

z
--4

1. 

r-

3. <

0X

a.

t"

S.

,.

r- 

I

i

96 'tH3VW



CONFIGURATION DESCRIPTION
NSFC TWT 52Z BOOSTER
MSFC TWT 521 BOOSTER
MSFC TWT 521 BOOSTER

NIBI
NIBIF2
NIBIF6

LATERAL FORCE COEFFICIENT. CY
ALPHA DIHDRL
30.000
30.000 30.000
30.000 30.000

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XHRP 4.6230 IN.
YHRP 0.0000 IN.
ZHRP 0.0000 IN.
SCALE 0.0034

MACH 1.96
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DATA SET SYMBOL CONFIGURATION DESCRIPTION

(ASOoas) LI MSFC TWT 5Zi BOOSTER
(A5OSOI) 0 MSFC TUT 321 BOOSTER

NJBI
NIBtF2
NtBIF6

LATERAL FORCE COEFFICIENT. CY
ALPHA DIHDRL
30.000
30.000 30.000
30.000 30.000

a

REFERENCE INFORMATION
SREF 0.9350 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XHRP 4.6230 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF FIN SI7F ON IATFRAL-DIRFCTIONAL CHARACTERISTICS. ALPHA=51 DEGREES

-10 - 6

SYMBOL CONFIGURATION
NSFC TWT E21 I
NHsFC TWT 521
H NSFC TWT 521 I

DES

BOOsB006003
BOOs

.1.4
- 6 -4 - 0 2 4

SIDE SLIP ANGLE, BETA. DEGREES
SCRIPTION ALPHA 0IHDRL

STER NIBI 51.000
STER NIBIF2 ,1.000 30.000
STER NIBIFO 51.000 30.000

6
i
a io a 

REFERENCE INFORNA

SREF 0.9330
LREF 7.2230
BREF 7.2230
XNRP 4.6230
YNRP 0.0000
ZNRP 0.0000
SCALE 0.0034

MACH 1.94
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DATA ET

DATA S£T
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TION
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EFFECT OF FIN SIZE ON LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA:51 DEGREES
S* , ,T - - I F i- - .. *I r- -- '-- t- t ' ,- .:'"""- I ,- r i r I -- -- v--
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SYMBOL CONFIGURATION DESCRIPTION
NSFC TWT 521 O8OSTER
NSFC TWT 521 BOOSTER

O HsFc TWT 521 BOOSTER

SIDE SLIP ANGLE, BETA. DEGREES

NIBI
NIBIF2
NIBF6

ALPHA
51.000
51.000

t .000

DINDRL

30.000
30.000

REFERENCE INFORMATION
SREF 0.9330 Sg. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XNRP 4.6250 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

MACH 3.48 PAGE 61
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SYMBOL CONFIGURATION DESCRIPTION
MSFC TWT 521 BOOSTER
MSFC TWT 521 BOOSTER

O MSFC TWT 521 BOOSTER

:H 1.94

SIDE SLIP ANGLE. BETA. DEGREES
ALPHA DIHDRL

NIHI 51.000
NIBIF2 51.000 30.000
NIBIF6 51.000 30.000

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XMRP 4.6230 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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m
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0
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DATA SET

( A5006)
(A&5011)
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EFFECT OF FIN SIZE ON LATFRAI-nlRFCTInMAI HARACArTFRTIrTl. Al PHA=I nFpRFFp
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DATA SET SYMBOL

(A5501t) 0

-to - a - a - 4 -

CONFIGURATION DESCRIPTION
MSFC TWT 521 BOOSTER
MSFC TWT 521 BOOSTER
HSFC TWT 521 BOOSTER

SIDE SLIF

NlHI
NIB1F2
NIBIF6

.,, . . I a . . .- I . . . . I . . I . . .I .. .I . . .I . . . .
0 2 4

P ANGLE. BETA, DEGREES
ALPHA DIHDRL
51.000
51.000 30.000
51.000 30.000

- & i
6 a 10 as

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 7.223S0 IN.
BREF 7.2230 IN.
XMRP 4.6230 IN.
YHRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE O.0034
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FFFECT OF FIN SIZE ON LATFRAL-DIRECTIONAL CHARACTERISTICS. ALPHA=51 DEGREES-rr-- -r--r * -t-- -r-r- -tl-r w-r - w -- t-- -r-it w- r - ~ "I 

r _____________ _____________ ____________ _____________

.1.1
- 6 -4 --

SIDE SLIP
DATA SET SYMHOL CONFIGURATION DESCRIPTION

FS003) MHSFC TWT *ZI BOOSTER
(A5$006) MSFC TWT ZI BOOSTER
(ASS01o1 0 MsFC TWT 321 BOOSTER

NIBI
NIBIF2
NtBIF6

i .1 I .1
o 2 4

ANGLE. BETA. DEGREES
ALPHA DIHDRL
1.000

51.000 30.000
51.000 30.000

6 6 10 SI

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF t.2230 IN.
XHRP 4.6230 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF FIN SIZE ON LATERAL-DIRECTIONAL CHARACTERISTICS, ALPHA=51 OEGREES

-t0 - 8

CONFIGURATION

MSFC TWT 521 E
MSFC TWT 521 i
1SFC TWT 521 i

- a

DESCRIPTION
BOOSTER
BOOSTER
BOOSTER

-4 - 2 0 2 4

SIDE SLIP ANGLE. BETA. DEGREES
ALPHA DIHDRL

NISI 51.000
Nti1F2 51.000 30.000
NIBIF6 51.000 30.000

6 10

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XHRP 4.6230 IN.
TMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034

MACH 3.48
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DATA SET
(F55003)
(A55006)
(A55011)

SYMBOL

0
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DATA SET SYMBOL

F::(003; 
(ASS006) 
(AS50SS) O

CONFIGURATION DESCRIPTION
NSFC TWT 52I BOOSTER
MSFC TWT 521 BOOSTER
MSFC TWT 521 BOOSTER

N1iB
NIBIF2
NIBIF6

LATERAL FORCE COEFFICIENT. CY
ALPHA DIHDRL
51 .000
t1.000 30.000

51.000 30.000

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF 7.2250 IN.
XMRP 4.6230 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

MACH 1.94 PAGE 71
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SYNBOL CONFIGURATION DESCRIPTION
rFC TWT 521 BOOSTER

N FC TWT 521 BOOSTER
MNSFC TWT 521 BOOSTER

NIBI
Ntt8F2
NIBIF6

-1 0 1 2 5

LATERAL FORCE COEFFICIENT, CY
ALPHA DIHDRL
51.000
51.000 30 000
51.000 30.000

REFERENCE INFORMATION

SREF 0.9330 SO. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XNRP 4*.230 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034

MACH 3.48
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DATA SET
(F55003)
(A 5 5 0 0 6 )
lAsso1 )
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EFFECT OF FIN F6 ON LATERAL-DIRECTIONAL CHARACTFRISTICS. AlPHA=n nFCREES

I
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DATA SET SYMBOL CONFIGURATION DESCRIPTION
(AS500I) Q NSFC TWT 521 BOOSTER
(SA5009) N MSFC TWT 521 BOOSTER

MACH .90

-4 - 2 0 2 4

SIDE SLIP ANGLE, BETA, DEGREES
ALPHA DIHDRL

NIBI 0.000
NIBIF6 0.000 30.000

0 8 10 Ia

REFERENCE INFORNATION
SREF 0.9330 SQ. IN
LREF 7.2230 IN.
BREF 7.2230 IN.
XNRP 4.6230 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF FIN F6 ON LATERAL-DIRECTIONAL CHARACTERISTICS, ALPHA=O DEGREES
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DATA SET SYMBOL CONFIGURATION DESCRIPTION

({A5o01) SFC TWT 521 BOOSTER
(A55009) N FC TWT 521 8OOSTER

-, -

SIDE SLIP

NtBI
NIBItF

I -i
0 2 4

ANGLE. BETA. DEGREES
ALPHA DIHDRL

0 .000
0.000 30.000

6 a 10 II

REFERENCE INFORMA
SREF 0.9330
LREF 7.2230
BREF 7.2230
XMRP 4.6230
YMRP 0.0000
ZMRP 0.0000
SCALE 0.0034

TI ON
So. IN
IN.
IN.
IN.
IN.
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EFFECT OF FIN F6 ON LATERAL-DIRECTIONAL CHARACTFRISTICS. ALPHA=O !DFGRFFS

-. o
-I. - -

DATA SET SYMBOL CONFIGURATION DESCRIPTION
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MACH PAGE 79

Cf%

x

o

z

-
z
w

LL
.l.

W

o
C

Z3

]m

O2-_--tt ._.; §._..,e_^.,@@ w w',.w ___r

o ~~~~~~~~~~~i

t -I n - A - it - .I J
II

I 4 4

1.20



08 39Vd

'NI 0000'0 d8NZ
'N1 0000'0 d8NA
'NI 09Zg't dWNX
'N! O£Z9'L J2g
*NI OC22ZL J30 N NI O2- 0383

Nl h '*G OC£6'0 J338
NOIllXHOJNI 3)N3H3J38

01a 9

0000'o 0000'
000 * 0

78uHloa vdlV

S338930 'V138 °319NV
v 0 

III

9d4 IOIN

dPlS 30BIS
a- e-

I

8316000S t I M l :l iGH e (00S6)
316008 T26 lIl D JSH (100 V)S

NOIidI2S930 NOllynOtdlJNO lOBHNA 13S VLVO

--o0- S-
., ...I. .I I I .9'-

S338930 O=VHdIV 'S3I1SIB31J3VYVH3 VNOI133IO-lV8i31V1 NO 93 NIJ JO 13333

51

z

C.- m
z

-)

6. m
-I

Z

Y- o

0..(

,)

t

X+~~~.. L, 

C i a!!i

I

: Ie

9.

9T'TH9VW
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SYMBOL CONFIGURATION OESCRIPTION
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EFFECT OF FIN F6 ON LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=O DEGREES
.. r

.,

.4

x

o0
m

z

z
u

LL
LLUL

0

I:

0

3

.o

.I

.I

.0

-.1

-.2

-. 4

-. 5

-I -5

DATA SET SYMBOL CONFIGURATION DESCRIPTION

(AS0O) Q SFrC TWT 521 BOOSTER
(AS5009) NSFC TWT 521 BOOSTER

-LATERAL
LATERAL

NIBI
NIBIF6

I
0

FORCE
ALPHA

0.000
0.000

I a

COEFFICIENT,
DIHORL

30.000

3

CY
REFERENCE INFORMATION
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N1B3-LONGITUDINAL CHARACTERISTICS9 MACH NO.=4.96
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N1B3-LONGITUDINAL CHARACTERISTICS. MACH NO.=4.96
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SREF 0.9330 SQ. IN
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NlB3-LONGITUDINAL CHARACTERISTICS, MACH NO.=4.96
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REFERENCE INFORNATION
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LREF 8.1720 IN.
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YNRP 0.0000 IN.
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N1B3-LONGITUDINAL CHARACTERISTICS, MACH N0.=4.96
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DATA HIST. CODE *G*E

6o

SRE
LRE
BRE
XNR
YMR
ZMR
SCA

65 70 7 S so

REFERENCE INFORMATION
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N1B3-EFFECT 'F MACH NO. AN ILINGITInlNAI rI-IARACTFRISTISr
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ANGLE OF ATTACK, ALPHA. OEGREES
MACH
o0.89 BETA
1.198
1.460
1.957

PARAMETRIC VALUES

0.000 DIHDRL 30.000
REFERENCE INFORMATION

$REF 0.9330 SO. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XMRP 5.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034

N1B3F12 CE5502S] 02 FEB 72

so
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14

1t

to

0

zt)

U-

LL

CD

DATA MIST. CODE *G*E
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N1B3F12-EFFECT OF MACH NO. ON LONGITIfUDINAI CHARACTFRISTICS
__ _ .- _ .... w ....... w..... ,_. w_.v _-; _v ;v , i]__.,, .......... .y,,-.'..1v . *. y _Dr y 

_~~~~~~~~I . _0 %J- _.pow __ W _ _v%

0 S S0 ILS Z0 Z5 30 35 40 45 s50 55 60 65 70 75 s0

ANGLE OF ATTACK.
PARAMETRIC VALUES

0.000 DIHDRL 30.000

DATA MIST. CODE *G*E

ALPHA. DEGREES
REFERENCE INFORMATION

SREF 0.9330 .SQ. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XHRP 5.2300 IN.
YMRP 0.0000 IN.
ZHRP 0.0000 IN.
SCALE 0.0034

N1B3F12 (E5502S) 02 FEB 72

S.,
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t.B
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MACH

1.129
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I .9 57

BETA

I .
I
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BETA

DRAG COEFFICIENT. CD
PARAMETRIC VALUES

0.000 DIHDRL 30.000

REFERENCE INFORMATION

SREF 0.9330 So. IN
LREF 8.1720 IN.
BREF 8.17T0 IN.
XNRP 5.2300 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

N1B3F12 (E5502S)

i1

I 

to

z

-- J

U

W
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U

L

J

SYMBOL

0o

MACH

0.890
o.e98
I.sze
1.460
1.937

DATA MIST. CODE AGCE
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PARAMETRIC VALUES

0.000 DIHORL

1.0 0.8 0.6 0.4 0.2 0.0

PITCHING MOMENT COEFFICIENT. CLM

30.000
REFERENCE INFORMATION

SREF 0.9330 s9. IN
LREF 8.1720 IN.
BREF 0.1720 IN.
XNRP 5.2300 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0054

N1B3F12 CE5502S) 02 FEB 72
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SYMBOL

[]

MACH
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1.198

1.460

1.957

BETA

DATA MIST. CODE *G*E
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NIB3F12-LONGITUOINAL CHARACTERISTICS AT TRANSONIC MACH NUMBERS. LOW ALPHAS
,* t I I, I---.. *- I - , - .----- I I I , I-*-- I --rI-- --- r--r--t--rr-"- r--r -

6

U
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-4
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t .-6

*IS -tO - , 5_t0 . ,. f5
-.- t - s 0 * tO Is 20 as

PARAMETRIC VAL

0.000 oIHD

ANGLE OF ATTACK. ALPHA. DEGREES
.UES

)RL 30.000
REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XMRP 5.2300 IN.
YNRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034

N1B3F12 (E55019) 02 FEB 72

z

LL

LL

U

Li

LL

tJ

0
z

srMBOL IMACH
0.897
1.199
1 .465

BE TA

DATA MIST. CODE *E

MSFC TWT 521 BOOSTER PAGE 133

------- -- --- -- - - -- --- -- - . - .. -... -



ECI 39Vd ZL 83d Z0 (610SS3)

PC 0O0 31V3C
·N 1 0000 0 d8WZ
'NI 0000'0 dbHA
'NI O00C'S dbWX
'NI OZZL'e J38
'NI 02oa19 J3Wl

NI '0S OCC6'0 4338

NOIIVNHOJNI 3DN3b333d

ZIE81INd31S008 IZS IMI 3JSW
3* 3003 '.1IH A0VO

0000£ IlOHIO0 000-0
63fliVA IJl8 3HVVd

S338930 'VHdlV 'M3VIIV JO 319NV

S90' T
66W°Z
3 o '6 VI 30 1614 V

M~vw

O- I-

I-$-

I-

3'1

C-Z

o m

z-'
o

OI

z
O 4

n
r

o0 



NlB3F12-LONGITUOINAL CHARACTERISTICS AT TRANSONIC MACH NUMBERS. LOW ALPHAS
4.0 . · I · I I m I w m I I I I I m I I · I w

Io

- 5 0
ANGLE OF

PARAMETRIC VALUES

O.000 DIHORL 30.000

5

ATTACK. ALPHA.

10

OEGREES

15 0o

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 8.1720 IN.
OREF 8.1720 IN.
XHRP 5.2300 IN.
YHRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034

DATA MIST. COOE *E
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NlB3FI2-LONGITUDINAL CHARACTERISTICS AT TRANSONIC MACH NUMBERS, LOV ALPHAS
i T w w w w l 2 2l~ ~ W W l i l f l i t l i ff- - --. , l

D

I
taX i~42

PARAHETRIC VAL

0.000 DIHD

t I a _ II I J i i I _ _
t0

REFERENCE INFORMATION

SREF 0.9330 So. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XHRP *.2300 IN.
YMRP 0.0000 IN.
ZHRP 0.0000 IN.
SCALE 0.0034

0 S to

ANGLE OF ATTACK, ALPHA. DEGREES
L 0.000US

)RL 30.000

DATA HIST. CODE *E

(E55019) 02 FEB 72

I

4

a.

It
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z

LL
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I
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SYMBOL MACH
0.497
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1.405

BE TA

a5I
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NIB3F12-LONGITUDINAL CHARACTERISTICS AT TRANSONIC MACH NUMBERS. LOW ALPHAS
.e · I .I I I I I v I I I I v I F I r. · I I

I
BE TA

-10 I'

PARAHETRIC VAL

0.000 DIHD

1 I 
0 5 to

ANGLE OF ATTACK. ALPHA. DEGREES
LUES

)RL 30.000

DATA MIST. CODE 4E

I
iS

I
REFERENCE INFORMATION

SREF 0.9330 3S. IN
LREF 9.1720 IN.
BREF 9.1720 IN.
XNRP 5.2300 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

CE55019) 02 FEB 72
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o.o
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C
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SyMBOL MACH
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N1B3F12-LONGITUDINAL CHARACTERISTICS AT TRANSONIC MACH NUMBERS. LOW ALPHAS

I: ~~~ ~ ~ ~ ~ o
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PITCHING MOMENT
PARAMETRIC VALUES

0.000 DIHORL 30.000

COEFFICIENT. CLM
REFERENCE INFORMATION

SREF 0.9330 S9. IN
LREF 0.1720 IN.
BREF 8.1720 IN.
XNRP 5.2300 IN.
YRP 0. o0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

DATA MIST. COoDE E

CE55019) 02 FEB 72

0

S

I

a

-1

-2

-J

zw
.)

u-

U

U

-L

-1

-4

-5
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ANGLE OF ATTACK. ALPHA. DEGREES
PARAMETRIC VALUES

0.000

DATA MIST. CODE *0

55 60 65 70 75 sO

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XNRP 5.2300 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

N1B3 CA5503S) 02 FEB 72

i.0
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SYMBOL

0
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5 10

BE TA

0

MACH
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1.197

1.461

I .* 64
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA:O DEGREES

I I I I I I I
U - .- _____ ____
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I

I0 -, i .
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-4

-3
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-I 1
=A

:
- a

SIDE SLIP
DATA SET SYMBOL CONFIGURATION DESCRIPTION

ASS0161- Q MSFC TWT 921t OOSTER
(*5J023) HSFC TWT 521 BOOSTER

NiBS3
NIB3FI2

I I
0 2 4

ANGLE. BETA. DEGREES
ALPHA DIHDRL

. 000
0.000 30.000

I a 0o t1

TION
SQ. IN
IN.
IN.
IN.
IN.
IN.

REFERENCE INFORHA

SREF 0.9330
LREF 8.1720
BREF 8.1720
XMRP 5.2300
YMRP 0.0000
ZMRP 0.0000
SCALE 0.0034
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SIDE SLIP ANGLE, BETA. DEGREES
DATA SET SYMNBOL CONFIGURATION DESCRIPTION ALPHA DIHDRL REFERENCE INFORMATION

(ASS01s) Q NSFC TWT 521 BOOSTER NIB3 0.000 SREF 0.9330 $s. IN
(ASSOZ3) SFC TWT Z21 BOOSTER NIB3FIZ 0.000 30.000 LREF 8.1720 IN.

BREF 8.1110 IN.
XHRP 5.Z300 IN.
YMRP 0.000 IN.
ZHRP 0.000 IN.
SCALE 0.004
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA:O DEGREES
.. 
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DATA SET SYMBOL

(As5023)

-t0 - a - 6

CONFIGURATION DESCRIPTION
MSFC TWT 521 BOOSTER
MSFC TWT 521 BOOSTER

-4 - 2 0 2 4

SIDE SLIP ANGLE. BETA, DEGREES
ALPHA DIHDRL

NIB3 0.000
NIB3FI2 0.000 30.000

6 10

REFERENCE INFORMATION

SREF 0.9330 SO. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XMRP 5.2300 IN.
YNRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=O DEGREES
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DATA SET SYMBOL

(A 55DZS)

I I
-10 - s - 6

CONFIGURATION DESCRIPTION
NSFC TWT 521 BOOSTER
NSFC TIT 521 BOOSTER

-4 - a

SIDE SLIP

NIBS
NIB3FI2

I 
0 a 4

ANGLE. BETA, DEGREES
ALPHA DiHDRL
0.000
0.000 30.000

to0 ie

REFERENCE INFORMATION

SREF 0.9330 So. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XNRP S.2300 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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DATA SET SYMBOL CONFIGURATION DESCRIPTION

(A55Ol; P NSFC TWT 521 BOOSTER
(A50231) 1SFC TWT 51 800BSTER

SIDE SLIP ANGLE. BETA. DEGREES
ALPHA DIHDRL

NIB3 0.000
NI3FIZ2 0.000 30.000

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 8.1?20 IN.
XNRP 5.2300 IN.
yHRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERIST
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LATERAL FORCE
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA

(ASSIG) NSFC TWT 521 BOOSTER NIBS 0.000
(AS1023) NSFC TWT i 00 BOOSTER NISSFIP 0.000

I a S

COEFFICIENT, CY
DIHDRL

30.000

4 S 4

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF S.1T2Z IN.
XNRP 5.2300 IN.
YNRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 AND 51 DEG.

S - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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. _-_________=
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-Ia -Ia - a - 6 - 4 - Z 0 2 4 6 a to tl

SIDE SLIP
DATA SET SYMBOL CONFIGURATION DESCRIPTION
,A::OIT; NSFC TWT 21t BOOSTER NItB
(A50244) SFC TWT 52t BOOSTER NIB3FI2
:(AS0SI) ~ NSFC TWT 521 BOOSTER NIBS
:(AS.OZ U9 DATA NOT AVAILABLE FOR ALL CONDITIONSA I8 D N VIA

ANGLE. 8ETA. DEGREES
ALPHA DIHDRL
30.000
30.000 30.000
11 .000
t .000 30.000

REFERENCE INFORMATION

SREF 0.9330 So. IN
LREF 8.1T20 IN.
BREF 8.1720 IN.
XNRP 5.2300 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 AND 51 DEG.
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DATA SET SYMBOL

(AS AOt7)

(AS50S) 8(^ssA as )

C A~:: 11. ,. )

I
t1 - · - 6 - 4 - 2

SIOE SLIP
CONFIGURATION DESCRIPTION

MSFC TWT 521 BOOSTER
NSFC TWT 521 BOOSTER
NSFC TWT 21 00BOSTER
MSFC TWT 521 BOOSTER

NIB3
N1B3FIZ
NtB3
Nt03F12

0 a 4

ANGLE. BETA, DEGREES
ALPHA DIHDRL
30.000
JO.000 30.000

1 .000DD
91.000 30.000

6 10 to I

REFERENCE INFORMA

SREF 0.9330
LREF 8.1720
BREF 8.1720
XMRP 5.2300
YNRP 0.0000
ZMRP 0.0000
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 AND 51 DEG.
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SYMBOL CONFIGURATION DESCRIPTION
2 NSFC TWT 521 BO0STER

MSFC TWT 521 800TER
NSFC TWT 521 BOOSTER
MSFC TWT 521 BOOSTER

SIDE SLIP ANGLE, BETA. DEGREES
ALPHA DIHDRL

N1i3 30.000
NIB3FI2 30.000 30.000
NIB3 51.000
N1B3FtZ 51.000 30.000

REFERENCE INFORMATION

SREF 0.9330 So. IN
LREF 8.1720 IN.
BREF 8.1T20 IN.
XMRP 5.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0,0034
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SIDE SLIP ANGLE, BETA. DEGREES
OATA SET SYNBOL CONFIGURATION DESCRIPTION ALPHA DIHDRL
(155017) # MSFC TWT 521 BOOSTER N1BS 30.000
(AS024 ) MSFC TWT 521 BOOSTER N1B3F12 30.000 30.000
(ASOtS) HSFC TWT 522 BOOSTER NIBS3 51000
¢AS025) DATA NOT AVAILABLE FOR ALL CONDITIONS 51.000 30.000

REFERENCE INFORMATION
SREF 0.9330 SC. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XMRP 5.2300 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 ANO 51 DEG.
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CONFIGURATION DESCRIPTION
ISFC TWT 21i BOOSTER
NSFC TWT 521 BOOSTER
NSFC TWT 521 BOOSTER

SFC TWT 52Z1 BOOSTER

SIDE SLIP ANGLE. BETA. DEGREES
ALPHA DIHDRL

NIBS 30.000
NIB3F12 30.000 30.000
NIBS 5I.000
N13F2 51t .000 30.000

REFERENCE INFORMATION

SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 9 .1T70 IN.
XNRP 5.2300 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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DATA SET SYMBOL

¢AS5017)
(ASSo024)
(A55Oit)
( AS5025 )

CONFIGURATION DESCRIPTION
HSFC TWT *21 I BOOSTER
HSFC TWT I21 00BOOSTER
NSFC TWT 521 BOOSTER
NSFC TWT 2t1 BOOSTER

SIDE SLIP ANGLE, BETA. DEGREES
ALPHA DIHORL

NtB3 30.000
NIBSFt2 30.000 30.000
NIB3 51.000
N1B3FIZ 51.000 30.000

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 0.1720 IN.
XNRP 5.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 AND 51 DEG.

._'-12 -10 I - 6
4

- 2 IO 4 4 to

DATA SET SYMBOL

(A55024) 

(A:::: O 8

SIDE SLIP ANGLE, BETA. DEGREES
CONFIGURATION DESCRIPTION ALPHA DIHDRL

MSFC TWT 521 BOOSTER NiBi3 30.000
MSFC TWT 52 BOOSTER NIBSFI2 30.000 30.000
MSFC TWT 521 BOOSTER NIBS 51.000
DATA NOT AVAILABLE FOR ALL CONDITIONS 51.000 30.000

REFERENCE INFORMATION
SREF 0.9330 S0. IN
LREF 8.1720 IN.
BREF 0.1720 IN.
XMRP 1.2300 IN.
YNRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA=30 AND 51 DEG.

I I

.~~~~~~~~~~~~~~~~~~ _ .

_ wq _ __ ___~~~~~~~~~~~~~~~~~~~~

. s s _ ^ . 5 oi v s _ -.____ ~~~~~~~~~~~i___

II
- 2 0 2 4 6 a 10

SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL CONFIGURATION DESCRIPTION

HSFC TWT 521 BOOSTER
SFC TWT 521 BOOSTER8 NSFC TWT 521 BOOSTER

NSFC TWT 521 BOOSTER

NIB3
NIB3FI2
NIB3
NIB3FI2

ALPHA DIHDRL
30.000
30.000 30.000
S1.000
51.000 30.000

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XNRP 5.2300 IN.
YNRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034

MACH 1.95
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTERISTICS. ALPHA:30 AND 51 DEG.
.o6 
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DATA SET SYMBOL

::oA11A )( 55024 ) a
(ASO5IO) 8
( A55025 )

-t0 -a

CONFIGURATION DESCRIPTION
MSFC TWT 521 BOOSTER
MSFC TWT 21i BOOSTER
NSFC TUT 521 0OOSTER
MSFC TWT S21 BOOSTER

_
- 4 - 2 a

SIDE SLIP ANGLE.

NIB3
NIBSFI2
NtBS
NIB3FI2

2 4 i r 1 0 1*

BETA. DEGREES
ALPHA
30.000
30.000
S1.000
51.000

DIHDRL

30.000

30.000

REFERENCE INFORMATION
SREF 0.9330 SQ. IN
LREF 8.1720 IN.
BREF 0.1720 IN.
XHRP 5.2300 IN.

MNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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DATA SET SyMBOL CONFIGURATION DESCRIPTION
(A55017) M NSFC TWT 521 BOOSTER
(A55OZ4) NSFC TWT 521 BOOSTER
(A50OI8) NSFC TWT 521 BOOSTER
cA552OS) DATA NOT AVAILABLE FOR ALL C

N1B3-
NIB3FIZ
N1B3

CONDITIONS

LATERAL FORCE COEFFICIENT. CY
ALPHA DIHDRL
30.000
30.000 30.000
51.000
51.000 30.000

REFERENCE INFORMATION
SREF 0.9330 S9. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XMRP 5.2300 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

MACH .90 PAGE 175



91. 3!9Vd

CO00'o 31IVS
'NI 0000°0 d8NZ

N 0000OD'O d#WA
'N! OOCZs d8WX
'N 02otI'9 13Hg
'N! OaZd'0 d3bO

NI 'P6 OC06'0 43dS

NOIlVWdOJNI 33N3d3J38

000'0 0001'*
000' * '

000*0£
1iOHIO VHdlV

A3 '#1N313IJ.9 30 303dOd lV31V3
C Z 1 0 t-

SNOIZlON03 11V UOJ 31gV11YVA ION VIVO
COIN 831600e 12; 11 3dLSW 

2iGCSIN 831S008 IZf LM1 $dSWm 
COTN N 131So00 TZS 1l1 JSfw 

NOldIUl8S3O NOlirvn9N03 108HAS

OZ'TH3VW

( SZOSSV
(elgg;Y)
(POGSSV)
(zloSSY)
13C VIVO

9-

Ir
_ _ B'- m
z
-I

0

-- '

-n

z

-X

o)



cJ,

X

0 .2

z

w .o - - -

Ld

LI 4

Z -. 2

Z

-. 5

-6 -S -4 -3

DATA SET SYMBOL CONFIGURATION DESCRIPTION
(A550171 ) HSFC TWT 52 BOOSTER
(A550Z4 ) SHFC TWT 521 BOOSTER
(* A5018) a NSFC TWT 521 BOOSTER
(A55025) MSFC TWT 521 BOOSTER

LATERAL FORCE COEFFICIENT, CY
ALPHA DIHDRL REFERENCE INFORHATION

NIB3 30.000 SREF 0.9330 S. IN
NIB3FIZ 30.000 30.000 LREF 8.1720 IN.
N1B3 t1.000 BREF 8.1720 IN.
NiB3FI2 51.000 30.000 XMRP 5.2300 IN.

YHRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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EFFECT OF F12 ON N1B3 LATERAL-DIRECTIONAL CHARACTFRISTICS. ALPHA=30 AND 51 OEG.

-5 -4 -3

CONFIGURATION DESCRIPTION
MSFC TWT 5Zt BOOSTER
NSFC TWT 521 BOOSTER
HSFC TWT 5ZI BOOSTER
NSFC TWT 521 BOOSTER

-2 -1

LATERAL

N183
NIB3FIZ
NIB3S
NIB3F12

I
0

FORCE
ALPHA
30.000

30.000
51.000
51.000

1 2

COEFFICIENT.
DIHDRL

CY

30.000

30.000

4 5 6

REFERENCE INFORMATION
SREF 0.9330 So. IN
LREF 8.1720 IN.
BREF 8.1720 IN.
XMRP 5.2300 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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PARAMETRIC VALUES

0.000

DATA MIST. CODE S*E

MSFC TWT 521 BOOSTER

OF ATTACK. ALPHA. OEGREES
REFERENCE INFORMA

SREF 2.1590
LREF S.8590
BREF 5.8590
XHRP 3.5150
YMRP 0.0000
ZHRP 0.0000
SCALE 0.0034
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BZ-EFFECT OUl M.ACH NO. ON LONCITUUINAL CHAKACTILKISTILS
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BETA

ANGLE
PARAMETRIC VALUES

0.000

DATA MIST. CODE S*E

MSFC TWT 521 BOOSTER

OF ATTACK, ALPHA. DEGREES
REFERENCE INFORMATION

SREF 2.1590 S9. IN
LREF 5.8590 IN.
BREF 5.8590 IN.
XNRP 3.5150 IN.
YMRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034
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WB2-EFFECT OF MACH NO. ON LONGITUDINAL CHARACTERISTICS
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PARAMETRIC VALUES
0.000

DATA HIST. COODE *E

OF ATTACK, ALPHA, DEGREES
REFERENCE INFORMATION

SREF 2.1590 So. IN
LREF 5.6590 IN.
BREF 5.0590 IN.
XMRP 3.5150 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0034

CE55026) 02 FEB 72

N2
s.0e

e.;

.o .

4.5

4.0

_J

U

LL

LLI

U

(L.
-j

a.o

.o0

1.5

1.5

1.0

0.5

0.0

MACH

1.t61
3.740
3.480

4.s59

BETA

N2 - -- - - - -- - - - -- - -

MSFC TWT 521 BOOSTER N2B2 PAGE 185



981 39Vd ZL 833 ZO C9ZOSS3)831S008 IZS lIMI SSW
*e 3o002 1S1#14 viv

pCoo'o 31V¥3
'NI 0000'0 d8NZ
*'N 0000'0 ddNA
'NI 0511C dbNX
'NI 06166' J388
,NI 06Sr'S J301

NI '0s 06s1*2 J38S
NOIIVYMOJNI 30N383J31

GIL09 oS

S338930 'VHdlV '4O3VIV .0
0 st 0oP SIt 0o

000'0
03nlVA 11813NYVVd

319NV
*i Oa of

se5'*
oe-£ 
oi-zs

V131 1961-

mHVy

0O0

T

O

-~~~~~~~~~~ (I

___ __ ---3------------ 

~~~ --s Isw sw 

-~~~~~~~~~II

r- -- ---- ----- :

-�e0S~~AA9All LLiIA -iLtA1 -l -A -A-I -A

4--. -. 14.-A LI-Al J---- -4-&--- -&J-J-4 -JJJI 4-1-4-4. .44-- n.J--JJ .J-6-J-. 4-1-4-4............................. ..4-SS- ..J .^.J..& I 4-. 1., C

O

lOgNAg

0

,o8*

D
;o

C)

F"0 O
n

m-4

C')
I.0

DI

bJIII1ddIJYdVMJ IYNIUIIIIJUNUI NU UN HJVW JU 1J3IJ3-ZBZN

OI
I

I

I

I

B
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ANGLE
PARAMETRIC VALUES

0.000

DATA MIST. CODE S*E

MSFC TWT 521 BOOSTER

OF ATTACK, ALPHA, DEGREES
REFERENCE INFORNATION

SREF 2.1590 So. IN
LREF 5.8590 IN.
BREF 5.8590 IN.
XNRP 3.5150 IN.
YNRP 0.0000 IN.
ZMRP 0.0000 IN.
SCALE 0.0034
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N2B4-EFFECT OF MACH NO. ON IONGITUIIlNAI CHARACTFRISTICS

ANGLE OF ATTACK. ALPHA, OEGREES
PARAMETRIC VALUES

0.000

0u s ru7 75 0O

REFERENCE INFORMATION
SREF 2.t590 SQ. IN
LREF 7.6590 IN.
BREF 7.6590 IN.
XNRP 4.5950 IN.
YMRP 0.0000 IN.
ZHRP 0.0000 IN.
SCALE 0.0042

(E5504S) 02 FEB 72

I..

1.'

I..

2.0

1.6

o

-J

U,
0

I-

LL

-_

1.6

1.4

1t.

1.0

o.a

0.6

0.4

0.2

0.0

SYMBOL

0
o

HACH

1.955

2.740
3.480
4.959

BETA

DATA MIST. CODE S*G*E

0 S~~~~~1 i s as 30 3 40 45 so 3 7 7-- 3 5

MSFC TWT 521 BOOSTER N2B4 PAGE 205



90Z 39Vd ZL 83J3 O (S0OS53)

2t00o0 31V¥S
'NI 0000-0 d8HZ
'NI 0000 0 dHA
'NI 056*St dHHX
'NI 0659' A J3g
'NI 0659' J381

N! '6S 06ST 1 2 38S

NOIVNHONI 3DN383J33

d31S008 ITZ IMI OdSW
3*0*5 3002 '159H VIVO

000'0

S3nlVA 31813HVyVd

0996'

Ot1Z4
VA3a CS6* 

H)VH551'

03 '1N313I13303 9VO0
Of 5 9 9 S T' C * 1 

._ _.__ 

-·-_ _ _

S311SI1313¥VVH3 IYNIOlII9N01 NO 'ON H3VW JO 133JJ3-t8ZN

'OOHAS

o0o

O1t

o

, rn

n

0*t m

rrl

q
-n--4

r

o' 

0'

Io*

I



1.S

1.0

0.S

SYMBOL

2
co

MACH

1.955 BETA
Z.740
3.480

4.959

PITCHING MOMENT COEFFICIENT, CLM
PARAMETRIC VALUES

0.000

DATA MIST. CODE S*G*E

MSFC TWT 521 BOOSTER

REFERENCE INFORMATION
SREF 2.1590 SQ. IN
LREF 7.6590 IN.
BREF ?.6590 IN.
XMRP 4.5950 IN.
YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0042

N2B4 [E5504S) 02 FEB 72

e.O

6.s

5.0

4.5

4.0

3.5

a.0

A.S

2.b

z

L

0

Z

.I

I.-

LL

-i

PAGE 207



80 39Vd ZL 83d Z0 (SSOSS3)

2P00'0 3¥1VD
'NI 0000'0 dBNZ
'NI 0000 0 dMNA

'NI 0s9-' d3NX 'NH 06S9'Z J~hg
'N 06S91Z J3d1

NI 'S6 06S'2 d 3S
NOILYVNONI 33N3?13 38

831SO08 IZGS 1M 3JSW
3**5s 200a -LSIH viva

ooo * 

s3niVlA 3Ib13nVVd

S33W930 'VHdlV 'A3ViiV AO 319NV

¥139 De'l,', VI 30 0eC *

NO¥VN 'dONAS

g ° 00

0'.1

a's ZG

-°o' rC -

O

rnm

m
Ot 

C )

z
-'I

z



N2B5-LONGI TUOINAL CHARACTERISTICS
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N2B5-LONGITUDINAL CHARACTERISTICS
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ANGLE OF ATTACK. ALPHA. DEGREES
PARAMETRIC VALUES

0.000

DATA MIST. CODE S*G*E

MSFC TWT 521 BOOSTER

REFERENCE INFORMATION

SREF 2.1590 59. IN
LREF T.6590 IN.
BREF T.6590 IN.
XMRP 4.5950 IN.
YMRP 0.0000 IN.
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REFERENCE INFORNATION

SREF 2.1590 SQ. IN
LREF 7.6590 IN.
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N2B4-EFFECT OF MACH NO. ON BASE AXIAL FORCE
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YNRP 0.0000 IN.
ZNRP 0.0000 IN.
SCALE 0.0042
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